It has been demonstrated by independent investigators (Bainbridge, 1911, and Sperry and Rettger, 1915) that bacteria are unable to bring about the decomposition of native or unchanged proteins by direct action. These proteins can serve as food material for bacteria only through the agency of cleavageproducing substances like acids, alkalies and proteolytic enzymes. Even the most active gelatin-liquefying and putrefactive organisms die from inanition in a medium which contains egg albumin, serurm albumin or the vegetable protein, edestin, as the only possible source of nitrogen.
published their results of the analysis of Witte's peptone. They found the preparation to be rich in albumose. The uniformity of this brand as to composition has made it the universal standard for many years.
At the present time several American brands of peptone are on the market which bid fair to take the place of the Witte product, but none of which have as yet attained the individual prominence of the foreign brand. Chemical tests have shown that the American brands differ to a considerable extent in their composition.
Several methods are available for the study of "peptone" utilization. A brief review will show, however, how far from adequate, with few exceptions, these methods are, and how they may readily lead to wrong conclusions. Abderhalden, Pincussohn and Walther (1910) employed optical methods in their investigation of the action of certain pathogens on peptone. Since the optical properties of the products of decomposition may have a neutralizing effect, the use of such a test is open to error. The presence of meat extract in a medium may also interfere. Crabill and Reed (1915) studied the biochemical activities of micro6rganisms by pouring the test media into Petri dishes and inoculating them with the bacteria under investigation. The digestion and utilization of the medium could thus be determined by direct observation of. the plates. Like the auxanographic method of Eijkmann (1901) , this is a qualitative procedure and consequently not suitable for the present problem.
The quantitative determination of ammonia production in nutrient broth has been extensively made use of in estimating the comparative ability of various groups of bacteria to attack protein. Among the staunch supporters of this method are Kendall and his co-workers. Caution is necessary in drawing conclusions from the results of this test, for an increase in the ammonia content of a medium does not necessarily indicate that the protein has been attacked. There are other sources of anmmonia in nutrient bouillon besides albumoses and peptones, as for example amino acids and extractive substances.
The biuret test was employed in these experiments, since experience in the earlier work had proven its merit. It is of value in demonstrating the disappearance by digestion or otherwise of protein in a fluid medium. Peckham (1897) used this test to show that B. coli is unable to utilize completely the protein present in ordinary nutrient media. Vernon (1904) was the first, however, to demonstrate the value of the biuret method as a quantitative measure of peptone digestion, in his study of the action of erepsin upon commercial peptone.
The formol titration method of S6rensen (1908) was employed in conjunction with the biuret test. This method has already been applied to bacteriological problems. The titration figure is a measure of the amount of primary amino acids present in a medium. Rice (1915) claims to have found the S6rensen more satisfactory than the Van Slyke method for the determination of free amino nitrogen.
The biuret test was employed in essentially the same manner as described by Vernon (1904) and as given in a previous paper from this laboratory (1916) . The S6rensen method was conducted as follows. Five cubic centimeters of the medium to be tested were mixed with 50 cc. of tap water and neutralized with N/20 NaOH or HCl. Two cubic centimeters of neutral formaldehyde were then added and the solution again neutralized, with phenolphthalein as the indicator.
In the tables the formol titration Values are recorded as the number of cubic centimeters of N/20 NaOH required for 100 cc. of the test medium. In the column under 'Reaction' a similar plan has been followed.
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The first part of this investigation involved a study of the utilization of Witte's peptone by different types of bacteria. In later experiments other brands of peptone were investigated. The test media were, as a rule, simple nutrient broths such as are used for routine work in the laboratory. These solutions were always transferred to large test tubes in amounts of 10 cc. The water lost by evaporation was accurately replaced after the incubation period, and preliminary to the testing.
Witte's peptone In tables 1, 2 and 3 are recorded the results of the experiments on the utilization of Witte's peptone. It will be seen that each of the organisms studied is capable of reducing the amount of biuret-giving substances, though for the gelatin-non-liquefying organisms at least a week's incubation is required to show any liquefiers Staphylococcus aureus and St. albus and B. cloacae also were comparatively weak. Table 3 shows that different salts used in medium B do not affect the course of decomposition of the peptone, as compared with the plain nutrient broth.
The small decrease in the biuret-giving substances during the first week of incubation, brought about by the gelatin liquefiers, as seen in table 2, is of special interest, and would indicate that even strongly proteolytic organisms utilize the simpler nitrogenous substances during their earlier development, thus sparing the more complex substances until the former are exhausted and until abundant enzyme production has taken place.
The formol titration results are of much interest in connection with the other figures. It is quite apparent that an increase in and hence disappear from solutions first.2 As even some of the very simple polypeptids are known to give the biuret color reaction, we may find here a possible explanation of the slow, gradual but limited reduction in the biuret figures which the non-proteolytic organisms studied brought about. It is the amino acids and other simple nitrogenous substances, however, to which commercial peptone chiefly owes its value as food for bacteria.
It has been shown repeatedly that meat extract in nutrient broth, etc., contains valuable food substances, and that it is for this reason a very important ingredient of the ordinary laboratory media. The older belief in a mere "stimulating effect" of meat extract on bacteria is unscientific and untenable. The real food value lies in the amino acids (primary and secondary) and in the so-called "extractives, kreatin, kreatinin, hypoxanthin, etc."
The behavior of St. aureus, St. albus and B. cloacae in the peptone was surprising. These gelatin-liquefying organisms were able to attack the biuret-positive substances to only a (Mavrojannis, 1903, and Jordan, 1906) justifies the conclusion that the ability of an organism to liquefy gelatin is no indication of its proteolytic power. Another method of at least partial purification of proteose consisted in dialyzing a concentrated solution of "peptone." It was to be expected that the simpler biuret-giving substances which in their aggregate constitute what may be called the peptone fraction of the commercial "peptone" would pass through the parchment membrane, leaving the more complex ingredients, the proteose portion in particular, behind. The process of dialysis was allowed to continue for from six to eight days. In order to prevent bacterial decomposition of the dialysate it- Hida's (1908) claim that deutero-albumose is essential in diphtheria toxin production.
TIE UTILIZATION OF GELATIN AND CASEIN
Although a large number of organisms are known to liquefy gelatin, little has been done to determine whether the gelatin is actually utilized by the bacteria. Experimental evidence was sought in this work as to whether the power to liquefy gelatin carries with it ability to reduce it to its simple components. It has already been pointed out that the gelatinolytic and albumolytic properties of an organism may be distinct. The test medium employed in this investigation contained gelatin as the only known source of organic nitrogen.
The medium used in the first experiment contained 0.25 per cent commercial gelatin and 0.5 per cent NaCl. Liebig's meat extract (0.25 per cent) was added to half of the solution, and the two portions tubed separately in 10 cc. quantities. The tubes were inoculated with various organisms, and after an incubation period of three weeks the reaction and the S6rensen and biuret figures were determined. The results are not given in tabulated form, but may be found as such in the original thesis3 at the Yale University Library. The reader is also referred to this thesis for other detailed statements and results which have not been incorporated in this paper.
B. subtilis, B. ramosus and B. prodigiosus were the only organisms studied which were able to completely utilize the gelatin, or to transform it into a-biuretic products. Tlhe proteus strains affected it only slightly, while Staphylococcus aureus and B. cloacae (liquefiers) made no impression whatever on the gelatin, thus showing the same behavior as B. typhi, B. paratyphi, B. coli and B. Zenkeri.
The apparent inability of Proteus vulgaris and P. mirabilis to decompose the gelatin was due to the limitations of the test fluid. Another test medium was prepared which contained opsine, a protein-free commercial product contailinng a large amount of readily available organic nitrogen for bacterial growth, besides the substances already cited. In this medium Proteus uulgaris and P. mirabilis were able to utilize from 50 to 70 per cent of the gelatin, as indicated by the biuret tests. The results with the other organisms were the same as in the gelatin solution which contained no opsine. The beef extract aided the metabolism of the proteus forms (not Zenkeri) to a small extent only.
It is difficult to offer a satisfactory explanation of the inability of Staphylococcus aureus and Bacillus cloacae to affect the decomposition of the gelatin beyond the gelatose stage. The evidence derived from both the S6rensen and biuret figures is suifficiently conclusive to show that the power of a-n organism to liquefy BDoctorate thesis, Nathan Berman, May, 1917. gelatin is not necessarily accompanied by the ability to decompose the gelatin and to seize upon it as food.
The digestion of casein has been a subject of study for many years. The observations reported by various investigators are to a large extent contradictory. This may be accounted for-in part by a Ilck of uniformity in the methods. Blumenthal (1896) reported that B. coli was able to attack casein, and'stated that proteolysis in milk is pos §ible'provided the acid formed from the lactose is neutralized as rapidly as it is formed. Taylor (1902) also claimed that B. coli could digest casein. He prepared a culture fluid containing purified casein. The inoculated medium was examined after a definite interval for amino acids. Being unable to detect any amino acids, he assumed that the casein was decomposed into proteoses and peptones. From cultures of P. vulgaris he was successful in isolating several amino acids, however. Barthel (1915) studied the digestion of casein by milk-souring bacteria. Rosenow (1913) reported that he was able to obtain an enzyme from a pneumococcus broth culture which could decompose blood serum, but not casein.
In the present investigation the behavior of certan organisms was studied in a medium containing purified casein. The medium contained the following ingredients: 0.125 per cent casein, 0.5 per cent Liebig's meat extract and 0.5 per cent NaCI. The solution was tubed in 10 cc. quantities. A test for unchanged casein was always made with dilute acid. Chief reliance was placed' on the biuret and the S6rensen tests.
The behavior of the organisms was the same in this medium as in those containing purified proteose and gelatin. The inability of many organisms to develop in the common laboratory media is due to the absence in these media of sufficient food material which is immediately available for cell nutrition. That a large part of Witte's peptone, as well as gelatin, casein, unchanged native proteins and coagulated egg albumin, is valueless as a source of organic nitrogen, in so far as the large group of gelatin-non-liquefying organisms at least is concerned, has-been demonstrated in this investigation. Smith (1897) pronounced plain peptone solution to be a poor culture fluid. He stated that some organisms failed to grow in Witte's peptone. Rivas (1912) found that short tryptic digestion of peptone enhanced its value as a culture medium. Hottinger (1913) who denounced Witte's peptone as unsatisfactory for culture purposes suggested a pancreatic digestion product of meat as a substitute.
Dalimier and Lancereaux (1913) found the protein-free product, "opsine," which is rich in amino acids and other simple nitrogenous substances, to serve as a good culture medium for all of the many organisms studied, including some very fastidious pathogens. These results, with a single exception, were recently corroborated by Robinson and Rettger. Cole and Onslow (1916) suggested a pancreatic digestion product of casein as a good medium, and Distaso (1916) succeeded in obtaining good growths of pathogenic organisms in a solution which contained as its only source of nitrogen serum which had been digested with trypsin.
In the present work solutions of Witte's peptone and of casein were digested with commercial trypsin. The digestion was allowed to continue for five hours at 45°C., after which the liquid was immediately sterilized, and 0.25 per cent beef extract. and 0.5 per cent NaCl added. The media were tubed in 10 cc. quantities, and inoculated with the same organisms used in the preceding tests. The methods of determining the utilization of biuret-giving substances were also the same as those employed throughout the earlier work.
The increased utilization of the predigested peptone was plainly evident. The action of the trypsin almost doubled the amount of nitrogen available for the non-proteolytic organisms. In several instances 65 per cent of the biuret-giving substances of the peptone digestion product was utilized by this group of bacteria, and 35 per cent of the biuret-positive casein digestion product. Aside from the great reduction in the biuret figures, and the high S6rensen titration, the nutrient property of the medium was evidenced by the luxuriance of bacterial growths. It is to be assumed that the large reduction by the gelatin-nonliquefiers in the biuret figure was due to the preponderance of polypeptids of comparatively simple constitution.
GENERAL DISCUSSION AND CONCLUSIONS
The results obtained in the present investigation confirm those of previous experiments, and further justify the assumption that bacteria require food substances which are of simple constitution and whose properties are such that they readily admit of absorption by the bacterial cell. This view is in harmony with that of Loewi (1902) , Abderhalden, etc. as applied to animal nutrition. It furnishes an explanation of the inefficiency of the ordinary laboratory culture media, and particularly solutions of Witte's peptone, for rapid and abundant production of bacterial growth.
Commercial peptones are highly complex products, containing, among other things, different albumoses and so-called peptones, amino acids, particularly the primary, and other simple nitrogen-containing substances. No two brands of commercial peptone are of the same composition, nor is it likely that any one product is uniform. Numerous tests have shown that the amino acid content of some products is decldedly greater than that of others, while the proportion of the albumose and complex polypeptid fraction is correspondingly less.
The presence of a peptolytic enzyme in cultures of coli, typhi and other gelatin-non-liquefying bacteria has apparently been demonstrated. This erepsin-like enzyme is, however, decidedly weak, and further differs from erepsin of the animal body in that it does not attack casein. The decomposition of biuretgiving material in commercial peptone is, without doubt, limited to the substances of relatively simple constitution, or the lower polypeptids. This has been demonstrated by the inability of the non-proteolytic organisms in question to attack "purified" proteose, and in a measTire by the peculiar shading off of the biuret color, during prolonged periods of incubation, from the characteristic light purple color obtained with a solution of peptone to the deep purple or violet which is given by proteose and albumin solutions with the alkaline copper sulphate.
It may of course be questioned whether the decomposition of the simple polypeptids of the "peptone fraction" requires any enzyme action, and whether these substances are not sufficiently simple and soluble to be absorbed and utilized directly by the bacterial cell. Such an explanation of the availability of the simple amino acids for bacterial nutrition is quite plausible, since they are very soluble and dialyzable; and further, it would appear improbable that specific enzymes for the many different amino acids are elaborated.
Even the gelatin-liquefying and proteolytic bacteria are slow to make use of the proteoses and peptone in commercial "peptone." Their initial develo'pment is at the expense of the simpler nitrogenous compounds, and a reduction in the biuret-giving substances occurs only after a period of preliminary cultural development, this period often extending over at least a day or two. In this preparatory interval the proteolytic enzyme is formed which is necessary in the utilization of the soluble protein material. That the production of the enzyme which attacks gelatin is as a rule a slow process is well shown in the ordinary gelatin liquefaction tests.
The ability to liquefy gelatin is not in itself a proteolytic or even a gelatinolytic function, for some organisms which can liquefy gelatin are unable to carry the change beyond the gelatose stage, and fail to decompose "purified" proteose and casein.
Members of the coli-typhi-paratyphi group of organisms studied are without ability to decompose gelatin and casein. They are unable also to affect the "proteoses" in commercial peptone, and in their reduction of the biuret-giving substances attack and decompose only the simpler of these components, presumably the lower polypeptids; the action on even these relatively simple substances is slow and delayed. Bacillus cloacae is not here included in the allove group of organisms, though its action in the media containing the above substances is almost, if not entirely, the same as that of B. coli, etc.
The value of a cultural medium for bacteria depends on the immediately available food substances which it contains. For this reason it appears quite reasonable that those commercial peptones which contain the largest amount of amino acids and other nitrogenous products of simple composition are most conducive to active and abundant bacterial development, every thing else being equal. This supposition is fully borne out by experiment. The question as to whether such peptones are the most satisfactory' for toxin production in a medium requires further and extensive investigation.
The conclusions may be summarized briefly as follows: 1. Bacteria are unable to decompose coagulated native protein when there is no other source of available nitrogen in the test medium.
2. There is reason to believe that purified proteose also is resistant to direct attack by bacteria.
3. Gelatin-non-liquefying bacteria and somne of the liquefiers are feeble in'their action on Witte's peptone. A much better utilization of the biuret-giving substances occurs in media containing commercial peptone which has been subjected to more extensive digestion in the process of preparation, as for example certain of the American brands.
4. The ability of an organism to liquefy gelatin is no sure indication of its proteolytic properties.
5. Gelatin and casein resemble proteose in their resistance to bacterial attack.
